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摘  要 
 I
摘  要 
随着越来越多的非线性负载被应用到工业生产中，电网受到的谐波污染日益
加重，因此对谐波治理的研究愈发受到重视。工业上抑制谐波畸变 常用的方法
是采用无源滤波器（passive filter，PF），但是 PF 存在补偿效果对负载有依赖性、
使用不够灵活、容易引发串联和并联谐振等缺点。有源电力滤波器（active power 
filter，APF）能够克服 PF 的缺点，被认为是解决电力系统谐波问题 有前途的
方法之一，但是其成本较高。混合型有源电力滤波器（hybrid active power filter，









力滤波器（transformerless shunt hybrid active power filter，TLS-HAPF）与晶闸管





































































As more and more non-linear load is applied to industrial production, harmonic 
propagation has become a serious problem in power distribution systems the most 
commonly used method of harmonic compensation is passive filter (PF), but PF has 
many disadvantages, such as the compensation effect dependence on the load, not 
flexible enough to use, easily lead to series and parallel resonance and so on. Active 
Power Filter (APF) is able to overcome the shortcomings of PF and is considered to 
be one of the most promising way to solve the power system harmonic problems, but 
the cost of APF is very high. Hybrid active power filter (HAPF) combines the 
advantages of APF and PF, so it is getting widespread attention. 
Through the in-depth analysis of developments and trends of HAPF, this paper 
proposes a novel shunt hybrid active power filter and deliberates its key technologies 
in order to achieve high-power filtering and reactive power compensation against 
low-voltage distribution systems, solves a series of problems, such as the 
optimization of current control, damping out the harmonic of power grid voltage, the 
voltage control of DC capacitor and the compensation of unbalanced load, completes 
engineering prototype debugging. Specific research contents are as follows: 
1) The propose of the topology, electrical modeling and filtering principle 
Through the summary of the design principle of HAPF, this paper analyses the 
harmonic characteristics and the demand of industrial filter, proposes a novel shunt 
hybrid active power filter based on a combined system of transformerless shunt 
hybrid active power filter (TLS-HAPF) and thyristor switched single-tuned passive 
filter (TSPF) in order to achieve high-power filtering and reactive power 
compensation against low-voltage distribution systems, describes the constituted 
portion of the system, expounds the advantages of the proposed topology, and then  
establishes the electrical model of the topology, analyses the filtering principle of the 
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2) A novel passive control strategy for TLS-HAPF 
Conventional control methods seem the TLS-HAPF as a linear system, they 
ignore its essential nonlinear nature, the output current will distort when the system is 
disturbed, and even lead to instability. Passive theory seems a dynamic system as an 
energy conversion device, through reallocation energy and injecting nonlinear 
damping, forces the system to meet the performance under passive conditions. This 
paper proposes a passivity control strategy for TLS-HAPF. First, the shunt hybrid 
power filter is modeled in the stationary abc frame and then the model is transformed 
to the rotating dq frame with the aim of reducing the control complexity. Then by 
means of injecting adjustable damping into the system to establish its adjoint system 
and get the tracking error dynamic equation. The storage function of the closed-loop 
system is established and derivated to prove its strictly passivity. Finally, the dynamic 
controller is derived from the adjoint system and the control graph is given. The 
simulation performed in MATLAB and experimental results verify the validity of the 
new approach. 
3) The study on damping out the harmonic of power grid voltage and compound 
control 
Damping out the harmonic of power grid voltage means APF detect the 
harmonic voltage of common coupling point, multiply by a factor to form a reference 
current and then output, the damping can prevent the harmonics diffusion generated 
by the resonance effect. This paper proposes the damping control for TLS-HAPF 
based on the voltage harmonics detected, and then the damping control is added to the 
current compensation algorithm to form compound control. The compound control 
could inhibit the resonance may be generated between the passive filter and the grid 
inductance, it improves the of the system. For the sake of stability, this paper 
proposes a current limiting compensation scheme which gives priority to damp out 
the harmonic of power grid. This method is designed to ensure the output current is 
always kept at the maximum allowable range by introducing a Ki to the reference 
current. 















The research study on two key technologies, they are the voltage control of DC 
capacitor and the compensation of unbalanced load. The stability of the DC capacitor 
voltage is the premise of the active filter working properly, APF could form the DC 
capacitor voltage by itself and keep it stable. This paper proposes a single-loop 
voltage control strategy and achieves the decoupling between capacitor voltage 
controller and compensation current controller, the new controller simplify the setting 
of parameters and optimizes the control effect. The negative sequence current will be 
introduced to the system when there is an imbalance load between the phases for the 
three-wire system. Using APF to compensate negative sequence component in the 
grid current will greatly increase capacity of filters and boost the cost. In this paper, a 
harmonic current detection strategy which could separate the negative sequence 
current from the total is put forward to achieve the harmonic compensation under 
unbalanced load. 
Finally, the research focuses on engineering implementation of the novel 
topology. Experiment system that contains the grid, nonlinear load, unbalanced load, 
inductive load and voltage harmonic source have been performed. Then active filter is 
designed and connected to experiment system, all the strategy are employed in APF. 
Experimental results recorded by a three-phase power quality analyzer show the 
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